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57 ABSTRACT 
A modulator-demodulator suited to record an audio 

signal in a recording medium in the form of a frequency 
modulated signal and to demodulate the frequency 
modulated signal is disclosed. It includes a voltage-con 
trolled oscillator, a switching circuit for changing one 
of two input frequency-modulated signals toward a 
control input of the voltage-controlled oscillator, and a 
phase detector for detecting a difference in phase be 
tween the frequency-modulated signal reproduced from 
the recording medium and the output signal of the volt 
age-controlled oscillator. In a recording operation, an 
input audio signal is supplied to a control signal input 
terminal of the voltage-controlled oscillator through 
the switching circuit, and the VCO acts as a modulator 
for carrying out frequency modulation. In a reproduc 
ing operation, the output signal of the phase detector is 
supplied to the control signal input terminal of the VCO 
through the switching circuit to form a demodulator 
having a phase locked loop configuration, and the fre 
quency-modulated signal reproduced from the record 
ing medium is demodulated by the demodulator. A 
single VCO is used as the VCO for forming the modula 
tor in the recording operation, and is used as the VCO 
for forming the demodulator having the phase locked 
loop configuration in the reproducing operation. 

8 Claims, 4 Drawing Figures 
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MODULATOR-DEMODULATOR FOR 
OBTANING AND DEMODULATING 
FREQUENCY-MODULATED SIGNAL 

The present invention relates to a modulator 
demodulator for obtaining and demodulating a frequen 
cy-modulated signal, and more particularly to a 
modulator-demodulator suitable for use in a system for 
recording an audio signal in the form of a frequency 
modulated signal and reproducing the recorded signal. 
There have been known various methods for record 

ing a signal and reproducing the recorded signal, in one 
of which a signal to be recorded is converted into a 
frequency-modulated signal and then recorded. As a 
typical device for carrying out this method, a device has 
been known which records and reproduces a video 
signal by using a magnetic tape as a recording medium 
(hereinafter referred to as a "video tape recorder"). At 
present, a large number of home video tape recorders 
are put on the market. In all of these video tape record 
ers, the video signal is processed in the form of a fre 
quency-modulated signal, and an audio signal is re 
corded on a track different from a track for the video 
signal, by a fixed hand through the so-called a.c. bias 
method. 
The recording density in magnetic tapes used in re 

cent video tape recorders has been improved remark 
ably. In some cases, the recording density is about 17 
times larger than that of about ten years ago. Further, it 
is earnestly required to make a home video tape re 
corder small in size, and a technique for developing a 
small-sized video tape recorder has made advance. 
From these facts, it is required to make the running 
speed of magnetic tape as slow as possible and to make 
the width of recording track as small as possible. 
As a result, according to the method of recording an 

audio signal by the fixed head through the a.c. bias 
method, the frequency band of a reproduced signal is 
narrow, the signal-to-noise ratio of the reproduced sig 
nal is low, the wow and flutter characteristic is deterio 
rated, and therefore it is difficult to obtain a reproduced 
audio signal of very satisfactory sound quality. 

In order to prevent the sound quality of a reproduced 
audio signal from being deteriorated, a method has been 
proposed in which an audio signal is converted into a 
frequency-modulated signal, then the frequency 
modulated signal thus obtained is mixed with another 
frequency-modulated signal into which a video signal is 
converted, and the mixed signal is recorded by a rotat 
ing head. In the above method using the rotating head, 
the relative speed of a recording/reproducing head and 
a magnetic tape is much larger than the running speed 
of the magnetic tape. Accordingly, this method has the 
following advantages. 

(1) Recording and reproducing operations are af. 
fected only a little by variations in the running speed of 
magnetic tape, and therefore the wow and flutter char 
acteristic is excellent. 

(2) The frequency band of a reproduced signal is 
independent of the running speed of magnetic tape, and 
therefore it is possible to widen the frequency band of 
the reproduced signal. 

In the case where a signal frequency-modulated with 
an audio signal is mixed with a signal frequency 
modulated with a video signal in order to record and 
reproduce these frequency-modulated signals, a 
modulator-demodulator for processing the audio signal 
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2 
is required in addition to a modulator-demodulator for 
processing the video signal. A multivibrator or a volt 
age-controlled oscillator using a voltage-dependent 
capacitor is used as a modulator for frequency-modulat 
ing a carrier with an audio signal (hereinafter referred 
to as an "FM modulator'). Further, a quadrature de 
modulation circuit, PLL (namely, phase locked loop) 
demodulation circuit, or pulse counting detection cir 
cuit is used as a demodulator for demodulating a repro 
duced, frequency-modulated signal (hereinafter re 
ferred to as an "FM demodulator"). 
When an FM modulator and an FM demodulator are 

provided to process audio signals in addition to a pro 
cessing circuit for video signals, there arises a problem 
that a signal processing circuit becomes large in scale. 
Specifically, in the case where a great portion of an 
audio signal processing circuit is formed of an inte 
grated circuit, a number of terminals for connecting 
external parts to the FM modulator and FM demodula 
tor are required. For example, in the case where an 
emitter-coupled astable multivibrator is used as the FM 
modulator, at least two terminals for connecting a ca 
pacitor and a resistor, which determine an oscillation 
frequency, are required, and also a terminal for connect 
ing a resistor, which is a circuit element of a constant 
current source, is required to the multivibrator. Fur 
ther, in the case where a quadrature detection circuit is 
used as the FM demodulator, a coil is required to form 
a phase shifter, and at least three terminals for connect 
ing the coil to the demodulation circuit are required. 
Alternatively, in the case where a PLL demodulation 
circuit is used as the FM demodulator, an oscillator in 
the PLL demodulation circuit requires at least three 
terminals for connecting external circuit elements in 
cluding a capacitor to the oscillator, as in the above 
mentioned FM modulator. 

Since the capacitor, coil and others cannot be formed 
in an integrated circuit, six terminals are required for 
both of the FM modulator and FM demodulator. Ac 
cordingly, when that portion of an audio signal process 
ing circuit which includes the FM modulator, FM de 
modulator and others, is formed of an integrated circuit, 
the fabrication of the integrated circuit is affected by the 
above-mentioned terminals. 

Further, since the FM modulator and FM demodula 
tor are independent of each other, the modulation sensi 
tivity is usually different from the demodulation sensi 
tivity. Accordingly, a monitor output for monitoring an 
input signal in a recording operation is different in level 
from the output of reproduced signal in a reproducing 
operation, and level adjusting means for making these 
outputs equal in level to each other is required. 
An object of the present invention is to provide an 

FM modulator-demodulator which has a small number 
of terminals to be connected with external circuit ele 
ments, is suitable for use in an integrated circuit, and is 
suited to record and reproduce an audio signal. 

In a modulator-demodulator used in a recording/re 
producing device, the demodulator is not required to 
operate when the modulator is operated, and the modu 
lator is not required to operate when the demodulator is 
operated. In view of the above fact, the present inven 
tion has a characteristic feature that a modulator and a 
demodulator use a circuit part in common. That is, a 
modulator-demodulator according to the present inven 
tion comprises a single voltage-controlled oscillator, 
signal switching means, a phase detector, and a loop 
filter. When the modulator-demodulator is operated as a 
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modulator in a recording operation, an input signal is 
applied to the control input terminal of the voltage-con 
trolled oscillator through the signal switching means, 
and a frequency-modulated signal is given by the oscil 
lation output of the voltage-controlled oscillator. When 
the modulator-demodulator is operated as a demodula 
tor in a reproducing operation, the signal switching 
means is set so that the output of the phase detector is 
applied to the control input terminal of the voltage-con 
trolled oscillator through the loop filter, a reproduced 
signal and the output of the voltage-controlled oscilla 
tor are supplied to the phase detector to detect a phase 
difference therebetween, and thus a PLL demodulation 
circuit is formed in which the output of the phase detec 
tor is taken out as a demodulated output. Further, auto 
matic frequency control means may be added to the 
voltage-controlled oscillator, to stablize the center fre 
quency of the oscillator. In this case, the frequency drift 
due to variations in ambient temperature can be pre 
vented, and a variation in the center frequency due to 
variations in circuit parts can be eliminated. In a video 
tape recorder, for example, a head switching pulse 
based upon the rotation of a rotating head and having a 
frequency of 30 Hz or a control signal having a constant 
frequency is used as a reference signal for automatic 
frequency control. 
According to the characteristic feature of the present 

invention, a single voltage-controlled oscillator is used 
in both of the modulator and demodulator. Therefore, a 
signal processing circuit can be made simple instruc 
ture. Specifically, in the case where the modulator, 
demodulator and others are formed of an integrated 
circuit, not a plurality of oscillators but a single oscilla 
tor is connected to external circuit elements through 
terminals. Therefore, the number of terminals to be 
connected with the external circuit elements becomes 
small, and the integrated circuit can be designed with 
ease. Further, the same voltage-controlled oscillator is 
used in the recording and reproducing operations, and 
an input signal in the recording operation and the out 
put of the phase detector in the reproducing operation 
are applied to the same control input terminal of the 
voltage-controlled oscillator. Accordingly, the input 
signal and the output of the phase detector are equal in 
level to each other, and therefore it is necessary to make 
level adjustment between a monitor signal for monitor 
ing the input signal and a reproduced output signal. 
Further, even when a non-linear relation exists between 
an input signal and a frequency-modulated signal, the 
effect of the non-linear relation upon the frequency 
modulated signal and the effect of the non-linear rela 
tion upon a demodulated signal cancel each other, since 
the same voltage-controlled oscillator is used in the 
recording and reproducing operations. Accordingly, 
the distortion of the demodulated signal is improved in 
a marked degree as compared with that in the case 
where a modulator and a demodulator are provided 
independently of each other. 
The present invention will be apparent from the fol 

lowing detailed description taken in conjunction with 
the accompanying drawings, in which: 
FIG. 1 is a block diagram showing an embodiment of 

the present invention which is formed of an integrated 
circuit; 

FIG. 2 is a detailed circuit diagram showing an exam 
ple of a main circuit part of the embodiment shown in 
FIG. 1; 
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4. 
FIG. 3 is a block diagram showing another embodi 

ment of the present invention in which an automatic 
frequency control device is added to the embodiment 
shown in FIG. 1; and 
FIG. 4 is a block diagram showing a further embodi 

ment of the present invention in which two carriers are 
used for an audio signal to suppress crosstalk from adja 
cent tracks, 
FIG. 1 shows an embodiment of a modulator 

demodulator for obtaining and demodulating a frequen 
cy-modulated signal according to the present invention. 
The present embodiment is used in a recording/repro 
ducing device in which an audio signal is converted into 
a frequency-modulated signal, and then combined with 
a video signal in accordance with a frequency division 
multiplex system, to be recorded and reproduced. 

In FIG. 1 a circuit part bounded by broken lines can 
be formed of an integrated circuit. 

In a recording period, an audio signal inputted to an 
input terminal 1 is applied to a terminal 20 through an 
automatic gain control circuit (namely, an AGC circuit) 
2 and a pre-emphasis circuit 3, and supplied from the 
terminal 20 to a variable resistor 32. At the variable 
resistor 32, the audio signal is subjected to level adjust 
ment for correcting deviations. The audio signal thus 
adjusted is applied to a terminal 21. Terminals 19 and 20 
are connected to a capacitor and resistors as illustrated, 
to determine the emphasis characteristic of the pre 
emphasis circuit 3. Further, a terminal 18 is applied with 
a signal which is obtained by subjecting a pre-empha 
sized signal to diode detection and is used to control the 
AGC circuit 2. The level-adjusted signal applied to the 
terminal 21 is supplied through a switching circuit 28 to 
a VCO (namely, voltage-controlled oscillator) 4 formed 
of, for example, an emitter-coupled multivibrator, 
which generates a carrier signal having been frequency 
modulated with the input audio signal. The frequency 
modulated signal is outputted from a terminal 24, and 
applied to a low pass filter 5 in which unnecessary fre 
quency components are removed from the frequency 
modulated signal. The amplitude of the frequency 
modulated signal having passed through the low pass 
filter 5 is adjusted by a level adjuster 6 for adjusting the 
recording level. Then, the signal frequency-modulated 
with the audio signal (hereinafter referred to as "audio 
FM signal') is mixed by an adder 61 with a video signal 
applied from a terminal 69, and the signal thus obtained 
is supplied to a magnetic head 7 to be recorded in a 
magnetic tape 8. The video signal applied to the termi 
nal 69 has been processed by a well-known processing 
circuit (not shown) so that a signal suitable for record 
ing is formed. For example, a luminance signal compo 
nent is converted into a frequency-modulated signal 
having a frequency band located above 1 MHz or more, 
and a chrominance signal component is converted into 
a carrier chrominance signal whose carrier frequency is 
located less than 1 MHz. Resistors 36 and 37, a capaci 
tor 38 and a variable resistor 39 are connected to termi 
nals 22 and 23 as illustrated, to adjust the oscillation 
frequency of the VCO 4. This oscillation frequency is 
selected, for example, between the frequency band of 
the carrier chrominance signal placed in a low fre 
quency range and the frequency band of the frequency 
modulated luminance signal, or within a frequency 
range lower than the frequency band of the carrier 
chrominance signal. A terminal 27 is connected to a 
resistor 48 used for a current source of the emitter-cou 
pled multivibrator of the VCO 4. Further, a monitor 
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signal for monitoring the input signal in the recording 
operation is given by a signal outputted from a terminal 
17. In more detail, the output signal of the switching 
circuit 28, namely, the input signal of the VCO 4 passes 
through a de-emphasis circuit 16, which is connected to 
a terminal 33 and made up of a resistor 34 and a capaci 
tor 35, and then applied to the terminal 17 to provide 
the monitor signal. 

In a reproducing operation, a signal reproduced from 
the magnetic tape 8 by the magnetic head 7 is applied to 
a band pass filter 65 to extract the audio FM signal from 
the reproduced signal, and the audio FM signal is ap 
plied to a limiter 9 through a terminal 25. Further, part 
of the reproduced signal is supplied to a signal process 
ing circuit 67 for processing video signals. In the signal 
processing circuit 67, the frequency-modulated signal 
corresponding to the luminance signal and the carrier 
chrominance signal are extracted from the reproduced 
signal, and various processing, for example, demodula 
tion and frequency conversion are performed for the 
extracted signals to reproduce an ordinary television 
signal. The audio FM signal having passed through the 
limiter 9 is applied to one input terminal of a phase 
detector 10. The other input terminal of the phase de 
tector 10 is applied with the output of the VCO 4. The 
output of the phase detector 10 is applied to the control 
input terminal of the VCO 4 through the switching 
circuit 28 which is now set to the reproduction side. 
Further, a capacitor 40 is connected to the output side 
of the phase detector 10 through a terminal 26, to form 
a loop filter together with a resistor (not shown) pro 
vided at the output stage of the phase detector 10. That 
is, the VCO 4 acting as a modulator in the recording 
operation is operated as a voltage-controlled oscillator 
of a PLL demodulation circuit in the reproducing oper 
ation. An error signal corresponding to a difference in 
phase between the output signal of the VCO 4 con 
trolled by an average frequency of the reproduced 
audio FM signal and the instantaneous frequency of the 
reproduced audio FM signal is outputted from the 
phase detector 10 as a demodulated audio signal, which, 
is applied to the de-emphasis circuit 16 through the 
switching circuit 28 and terminal 33. After the fre 
quency characteristic of the demodulated audio signal 
has been equalized by the de-emphasis circuit 16, the 
demodulated audio signal is outputted from the terminal 
17 as a reproduced audio signal. The de-emphasis cir 
cuit 16 may be formed of, for example, a CR low-pass 
filter including a resistor 34 and a capacitor 35. 

Since the VCO 4 acting as a modulator in the record 
ing operation is operated as the voltage-controlled os 
cillator of the PLL demodulation circuit in the repro 
ducing operation, the VCO 4 must be controlled so that 
the frequency deviation of the frequency-modulated 
signal outputted from the VCO 4 in the recording oper 
ation is equal to the frequency deviation given by the 
VCO 4 in the reproducing operation. In other words, 
the input signal voltage applied to the VCO 4 in the 
recording operation becomes equal to the input signal 
voltage applied to the VCO 4 in the reproducing opera 
tion, and therefore level adjustment between the moni 
tor signal in the recording operation and the repro 
duced audio signal is not required. Further, the voltage 
frequency conversion characteristic of the VCO 4 in the 
recording operation is cancelled by that in the repro 
ducing operation and therefore the distortion factor of 
the reproduced audio signal is improved. 

6 
In the embodiment shown in FIG. 1, the AGC circuit 

2, pre-emphasis circuit 3 and VCO 4 are always oper 
ated from a power supply. Vcc connected to a terminal 
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30, and the limiter9 and phase detector 10 are operated 
only for the reproducing period from a power supply 
VPB which is connected to a terminal 31 and is gener 
ated only for the reproducing period. Accordingly, the 
set positions of the switching circuit 28 corresponding 
to recording and reproducing operations can be 
changed over by using the above-mentioned power 
supplies, FIG. 2 shows a circuit configuration which 
includes the switching circuit 28 for performing such a 
switching operation, VCO 4 and phase detector 10, and 
is suitable for use in an integrated circuit. Each of the 
AGC circuit 2, pre-emphasis circuit 3, limiter 9 and 
others shown in FIG. 1 can be formed of a well-known 
circuit. When these circuits 2, 3 and 9 are included in 
the integrated circuit, it is desirable to use a differential 
amplifier as a fundamental circuit element, 

In FIGS. 1 and 2, like terminals to be connected with 
external circuit elements are given like reference nu 
merals, 

Referring to FIG. 2, the switching circuit 28 includes 
transistors Q36, Q38 and Q35 as its main components. 
The base of the transistor Q36 is applied with a bias 
potential from bias means including a transistor Q28, 
and an input audio signal from the terminal 21. The 
emitters of the transistors Q36 and Q38 are connected 
with each other, and the base of the transistor Q38 is 
supplied with the output of the phase detector 10. The 
collector and emitter of the transistor Q35 are con 
nected to the base of the transistor Q36 and ground, 
respectively, and the transistor Q35 is turned on only 
for a reproducing period. The bias means is set so that 
the transistor Q36 is turned on for the recording period. 
In the recording period, the transitor Q36 acts as an 
emitter follower, and the input audio signal supplied 
from the terminal 21 is sent from the emitter of the 
transistor Q36 to the base of a transistor Q55. The tran 
sistor Q55 is used for forming the current source of the 
VCO 4. Accordingly, the oscillation frequency of the 
VCO 4 is controlled by the input audio signal, and thus 
frequency modulation is carried out. Further, the emit 
ter output of the transistor Q36 is supplied to the termi 
nal 33 through a transistor Q40 for shifting a d.c. level, 
to be used as a monitor signal in the recording period. In 
a reproducing period, the supply voltage VPB which is 
generated only for the reproducing period, is supplied 
from the terminal 31 to the base of the transistor Q35, 
and thus the transistor Q35 is turned on. Accordingly, a 
signal from the terminal 21 is interrupted by the transis 
tor Q35, and the bias voltage applied to the base of the 
transistor Q36, is reduced. Thus, the transistor Q36 is 
turned off. Simultaneously with the above operations, 
the base of the transistor Q38 is applied with the supply 
voltage from the terminal 31 through a transistor Q169, 
and the transistor Q38 becomes operable. The transistor 
Q38 is supplied with an output signal (including a d.c. 
bias component) from the emitter of a transistor Q169 
provided at the output stage of the phase detector 10, 
and thus turned on. As a result, the output signal of 
phase detector 10 is supplied to the transistor Q55 in the 
VCO 4 and the terminal 33. The phase detector 10 is 
supplied with an oscillation output from respective 
collectors of transistors 62 and 67 which are part of 
transistors for forming the output stage of the VCO 4, 
and is further supplied with a reproduced audio FM 
signal from the limiter 9. The oscillation output is ap 
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plied to transistors Q150 and Q155 in the phase detector 
10, and the reproduced audio FM signal is applied to 
transistors Q147 and Q148. That is, each of the oscilla 
tion output and reproduced audio FM signal is applied 
to a differential circuit through two signal paths. An 
error signal is outputted from the phase detector 10 as 
the result of the phase comparison of the oscillation 
output with the reproduced audio FM signal. It is a 
signal corresponding to a difference between the oscil 
lation frequency of the VCO 4 and the instantaneous 
frequency of the reproduced audio FM signal. Accord 
ingly, the error signal is the demodulated audio signal if 
the oscillation frequency of the VCO 4 responds to the 
average output of the phase detector. A resistor R134 
which is connected between the emitter of a transistor 
Q168 and the base of the transistor Q169 provided at the 
output stage of the phase detector 10, and an external 
capacitor 40 connected to a terminal 26 make up a loop 
filter. 
As mentioned above, the VCO 4 can be used as the 

FM modulator in the recording period or the oscillator 
of the PLL demodulation circuit in the reproducing 
period, on the basis of the switching operation of the 
switching circuit 28. Accordingly, those terminals to be 
connected with external circuit elements can be omitted 
which are additionally required in the case where an 
other voltage-controlled oscillator is provided in the 
demodulation circuit, or an FM modulator and an FM 
demodulator are provided independently of each other. 

Next, another embodiment of the present invention 
will be explained with reference to FIG. 3. In FIG. 3, 
circuits having the same functions as circuits shown in 
FIG. 1 are designated by the same reference numerals 
as in FIG. 1, and a circuit part bounded by broken lines 
can be formed of an integrated circuit as in FIG. 1. A 
main difference between the embodiments shown in 
FIGS. 1 and 3 resides in that automatic frequency con 
trol (AFC) for stabilizing the center value of the oscilla 
tion frequency of a VCO 4" is performed in the embodi 
ment shown in FIG, 3. In a recording period, an input 
audio signal having been pre-emphasized and level 
adjusted is applied from the terminal 21 to the VCO 4" 
through a switching circuit 28'. A circuit part bounded 
by dot-dash lines indicates the VCO 4". The VCO 4" 
includes a voltage-controlled oscillator 41 which is 
formed of, for example, an emitter-coupled multivibra 
tor and is a fundamental element of the VCO 4", a fre 
quency divider 43 for dividing the oscillation frequency 
of the oscillator 41, a phase detector 45 for AFC, a loop 
filter 49, and an adder 47 for adding the output signal of 
the switching circuit 28' acting as the control signal of 
the VCO 4 and the output signal of the phase detector 
45. Thus, the input signal having passed through the 
switching circuit 28' is added to the output signal of the 
phase detector 45 by the adder 47, and the output of the 
adder 47 is applied to the oscillator 41 as the control 
signal thereof. As a result, the oscillation frequency of 
the VCO 4" is controlled by the input audio signal, that 
is, frequency modulation is performed. The audio FM 
signal thus obtained is sent to the magnetic head 7 
through the terminal 24, to be recorded in the magnetic 
tape 8together with a video FM signal as in the embodi 
ment shown in FIG. 1. 
Now, the AFC operation will be explained. Let us 

consider the case where the center frequency of the 
oscillator 41 is 89 ft (where fly indicates the repetition 
frequency of horizontal synchronizing signal and is 
equal to, for example, 15.75 KHz) and a reference signal 
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8 
supplied from a signal source (not shown) through a 
terminal 44 has a frequency of 30 Hz. In this case, a ratio 
of the output frequency of the frequency divider 43 to 
the input frequency thereof is set to 1/46725. The phase 
of the signal obtained by frequency-dividing the output 
of the oscillator 41 is compared with the phase of the 
reference signal from the terminal 44 by the phase de 
tector 45. The output signal of the phase detector 45, 
that is, an error signal is used as a control signal for 
AFC. The ripple component of the error signal is re 
moved by the loop filter 49 which is connected to the 
phase detector 45 through a terminal 42. The error 
signal which does not contain the above ripple compo 
ment, controls the oscillator 41 through the adder 47. As 
mentioned above, the VCO 4" has a PLL configuration, 
and the center frequency of the VCO 4" is automatically 
controlled by the reference signal applied to the termi 
nal 44. The loop filter 49 can be formed by connecting 
only the capacitor 46 to the terminal 42, when a resistor 
provided at the output stage of the phase detector 45 is 
used as a component of the loop filter 49. 

Since the oscillator 41 is also operated as an FM 
modulator, the oscillation frequency of the oscillator 41 
has to vary in accordance with the input audio signal. In 
order to prevent the AFC operation from being affected 
by variations in the oscillation frequency of the oscilla 
tor 41, a signal subjected to phase detection is required 
to have a frequency lower than the frequency band of 
the input audio signal. Accordingly, the reference signal 
applied to the terminal 44 is required to be a low-fre 
quency signal such as a 30 Hz rectangular wave signal 
in the present embodiment. In addition to this, a ripple 
component is removed from the output signal of the 
phase detector 45 by the loop filter 45. Accordingly, the 
oscillation frequency control signal applied to the adder 
47, that is, the output of the AFC circuit substantially 
contains only a d.c. component. 

In a video tape recorder, the rotational position of a 
rotating head is detected to control the rotational phase 
thereof, and a position detection signal thus obtained 
usually has a frequency of 30 Hz or an integral multiple 
thereof. Accordingly, this position detection signal is 
conveniently used as the reference signal in the video 
tape recorder. Specifically, in a home video tape re 
corder, the two-head system is generally used and a 
head switching signal formed on the basis of the posi 
tion detecting signal is a 30 Hz rectangular wave signal. 
Accordingly, the head switching signal can be used as 
the reference signal. Further, a signal obtained by fre 
quency-dividing a signal having a stable frequency such 
as the horizontal synchronizing signal or chrominance 
subcarrier signal contained in a video signal, can be used 
as the reference signal. 

Thus, an audio FM signal is formed using a stable 
carrier frequency. The recording operation for the 
audio FM signal is similar to that in the embodiment 
shown in FIG. 1. 

In a reproducing operation, a video/audio FM signal 
reproduced from the magnetic tape 8 by the magnetic 
head 7 is applied to a band path filter 65 in which only 
the audio FM signal is extracted. The audio FM signal 
is applied to the terminal 25, and the audio FM signal 
from the terminal 25 is applied to one input terminal of 
the phase detector 10 through the limiter 9. The limiter 
9 and phase detector 10 are operated only for the repro 
ducing period by applying a supply voltage to a termi 
nal 31' only for the reproducing period. Alternatively, 
the terminal 31' is applied with a recording/reproduc 
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tion switching signal having different logical levels 
between the recording period and reproducing period, 
and, for example, a bias circuit alway supplied with a 
supply voltage is turned on or off by the above switch 
ing signal to operate the limiter9 and phase detector 10 5 
only for the reproducing period. The other input termi 
nal of the phase detector 10 is applied with the output of 
the VCO 4". Accordingly, the phase detector 10 deliv 
ers a detection output corresponding to a difference 
between the instantaneous frequency of the reproduced 10 
audio FM signal and the output frequency of the VCO 
4. The detection output is applied to the loop filter 
including the capacitor 40 connected to the terminal 26, 
and is further applied to the VCO 4" through the switch 
ing circuit 28' which is now set to the reproduction side. 15 
As mentioned above, a PLL demodulation circuit is 
formed in the reproducing period, and a demodulated 
audio signal is sent from the output side of the adder 47 
to the terminal 17 through the terminal 33 and de-em 
phasis circuit 16. The demodulated audio signal and the 20 
monitor signal in the recording operation may be sent 
from the input side of the adder 47, that is, the output 
side of the switching circuit 28' to the de-emphasis cir 
cuit 16. 
The switching circuit 28' for changing the input of 25 

the VCO 4" from the signal corresponding to one of the 
recording and reproducing operations to the signal 
corresponding to the other operation, may be the same 
circuit as the switching circuit 28 shown in FIG. 2, 
when there is circuit means for applying a supply volt- 30 
age to the limiter 9 and phase detector 10 only for the 
reproducing period. Alternatively, in the case where a 
recording/reproduction switching signal having differ 
ent logical levels between the recording period and 
reproducing period, for example, having low- and high- 35 
levels in the recording and reproducing periods, respec 
tively, is applied to the terminal 31' as shown in FIG. 3, 
one of the audio signal from the input terminal 1 and the 
output signal of the phase detector 10 can be selectively 
applied to the VCO 4' by using an analog gate which is 40 
controlled by the above switching signal. 

Next, a further embodiment of the present invention 
will be explained. In most of home videotape recorders, 
in order to maintain a tracking margin or to improve the 
picture quality of a slow-motion or still picture image 45 
which is obtained by making the running speed of mag 
netic tape in a reproducing operation different from that 
in a recording operation, the gap width H of a magnetic 
head is set so that a relation TSHS2T is satisfied 
(where T indicates the width of a video track). Accord- 50 
ingly, a reproduced signal is subjected to disturbance 
due to crosstalk from an adjacent track. In order to 
solve this problem, a method has been generally used in 
which two magnetic heads are made different from 
each other in the azimuth of the gap of magnetic head to 55 
the direction of a recording track, to attenuate a signal 
on an adjacent track due to azimuth loss. This method is 
effective for a video signal which is recorded in the 
form of a signal having a relatively high frequency. 
However, in the case where a video FM signal in a high 60 
frequency band and an audio FM signal in a low-fre 
quency band are mixed to be recorded in a magnetic 
tape, the audio signal is greatly disturbed by crosstalk 
since the azimuth loss is small in the low frequency 
band. Crosstalk noise due to crosstalk is generated with 65 
regard to or in proportion to a difference in frequency 
between a crosstalk signal and a desired signal. That is, 
the crosstalk noise is heard together with a reproduced 
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audio signal, and is offensive to the ear. In order to 
prevent the disturbance due to crosstalk, a method can 
be used in which video tracks are made different from 
each other in carrier frequency of the frequency 
modulated signal recorded thereon. FIG. 4 shows a 
further embodiment of the present invention which uses 
the above-mentioned method. In the present embodi 
ment, two modulators are provided for frequency 
modulating two carriers, which are different from each 
other in center frequency, with a single audio signal, 
and respective frequency-modulated outputs of the 
modulators are alternately recorded on a magnetic tape 
by two rotating head of helical scanning type, after 
having been mixed with a video signal. Further, two 
signals alternately reproduced by the rotating heads are 
alternately demodulated by two demodulators, and 
respective outputs of the demodulators are combined 
with each other to obtain a continuous audio signal. The 
present embodiment is fundamentally identical to the 
embodiment shown in FIG. 3, except that two modula 
tors and two demodulators are used. Incidentally, 
through the video signal processing circuit 67 is omitted 
in FIG. 4, it is needless to say that a video FM signal is 
reproduced and demodulated. Now, the operation of 
the present embodiment will be explaind below in more 
detail, with reference to FIG. 4. 

In a recording operation, an audio signal supplied 
from the input terminal 1 is applied through the AGC 
circuit 2 to the pre-emphasis circuit 3, to be pre-empha 
sized. The AGC circuit 2 is controlled by a detector 66. 
The pre-emphasized audio signal is divided into two 
signal parts, one of which is subjected to deviation ad 
justment by a level adjuster 32a, and then applied to an 
oscillator 41a through a switching circuit 28a and an 
adder 47a to carry out frequency modulation. Similarly, 
the other signal part is subjected to deviation adjust 
ment by a level adjuster 32b, and then applied to an 
oscillator 41b through a switching circuit 28b and an 
adder 47b to carry out frequency modulation. Two 
AFC circuits each having a PLL configuration are 
made up of frequency dividers 43a and 43b, phase de 
tectors 45a and 45b, and loop filters 49a and 49b in the 
same manner as in the embodiment shown in FIG. 3. In 
the adders 47a and 47b, respective control signals from 
the AFC circuits are added to the de-emphasized audio 
signal. The oscillators 41a and 41b and the AFC circuits 
make up modulators 4a and 4b for performing fre 
quency modulation (that is, circuit parts each bounded 
by broken lines in FIG. 4). The center value of oscilla 
tion frequency of the modulator 4a is set to, for exam 
ple, 89fH, and that of the modulator 4b is set, for exam 
ple, 91 ft. Frequency-modulated signals from the osci 
laltors 41a and 41b are applied respectively to low pass 
filters 5a and 5b in which unnecessary components are 
removed. The outputs of the low-pass filters 5a and 5b 
are applied respectively to level adjusters 6a and 6b in 
which recording levels are adjusted. The level-adjusted 
audio FM signals thus obtained are added to a video 
FM signal supplied from the terminal 69, by means of 
adders 61a and 61b. The outputs of the adders 61a and 
61b are recorded on the magnetic tape 8 by two rotating 
heads 7 and 77 so as to form alternate recording tracks 
on the magnetic tape 8. The pre-emphasized audio sig 
nal outputted from the switching circuit 28a and the 
pre-emphasized audio signal output from the switching 
circuit 28b are applied to a switching circuit 84 without 
removing their d.c. potentials. The output signal of the 
switching circuit 28b is made equal in d.c. potential and 

t 



4,481,546 
11 

signal level to the output signal of the switching circuit 
28a, by means of a d.c. potential adjuster 82 and a signal 
level adjuster 83. The set positions of the switching 
circuit 84 is changed by a track switching signal sup 
plied from a terminal 86, in synchronism with the 
switching operatoin for switching one of the tracks of 
the rotating heads 7 and 77 over to the other track. The 
output signal of the switching circuit 84 thus oeprated 
passes through the de-emphasis circuit 16, and then 
outputtted from the terminal 17 as the monitor signal 
for monitoring the input audio signal. 
The switching circuit 84 performs the following op 

eration in a reproducing period. That is, the audio FM 
signals alternately reproduced by the rotating heads 7 
and 77 are demodulated by two demodulators indepen 
dently of each other, and respective outputs of the de 
modulators are combined with each other by the 
switching circuit 84 to obtain a continuous signal. In the 
recording operation, the modulators 4a and 4b are al 
ways supplied with the same input audio signal, and 
therefore only one of respective outputs of the switch 
ing circuits 28a and 28b may be taken out from the 
terminal 17, without changing the set positions of the 
switching circuit 84 in synchronism with the track 
switching operation. 

Next, a reproducing operation will be explained. 
Burst or intermittent FM signals alternately reproduced 
from the magnetic tape by the rotating heads 7 and 77 
are applied to band pass filters 65a and 65b in which the 
audio FM signals are extracted. The extracted audio 
FM signals are applied to respective first input terminals 
of phsae detectors 10a and 10b through limiters 9a and 
9b. The second input terminals of the phase detectors 
10a and 10b are applied with the outputs of the voltage 
controlled oscillators (namely, VCO's) 4a and 4b, re 
spectively. The outputs of the phase detectors 10a and 
10b are applied, as control signals, to the VCO's 4a and 
4b through loop filters 11a and 10b and the switching 
circuits 28a and 28b (each set to the reproduction side), 
respectively. Thus, a pair of FM demodulators each 
having a PLL configuration are formed. The control 
signals having passed through the switching circuits 28a 
and 28b, that is, demodulated signals are applied not 
only to the VCO's 4a and 4b but also the switching 
circuit 84. The set positions of the switching circuit 84 
are changed in synchronism with the head switching 
operation for selecting one of the rotating heads 7 and 
77, and therefore reproduced audio signals which have 
been alternately demodulated by the modulators and 
corresponds to different recording tracks, are combined 
with each other. Thus, a continuous audio signal is 
obtained. 

In the VCO's 4a and 4b used in the above-mentioned 
modulators and demodulators, frequency dividers 43a 
and 43b, phase detectors 45a and 45b, loop filters 49a 
and 49b, and adders 47a and 47b make up control loops 
having a PLL configuration, on the basis of a low-fre 
quency reference signal supplied from the terminal 44, 
as in the embodiment shown in FIG. 3. Thus, an AFC 
operation is performed in each of the VCO's 4a and 4b. 
Though the AFC operation in the embodiments shown 
in FIGS. 3 and 4 is performed by a control loop having 
a PLL configuration, the AFC operation may be per 
formed by other means. 

In the case where the reference signal in the embodi 
ment shown in FIG. 4 has a frequency of 30 Hz and 
respective center frequencies of the VCO's 4a and 4b, as 
mentioned previously, are made equal to 89fh and 91 ft, 
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12 
respectively, a ratio of the output frequency of the fre 
quency divider 43a to the input frequency thereof is set 
to 1/46725 and a ratio of the output frequency of the 
frequency divider 43b to the input frequency thereof is 
set to 1/47775. 

In the case where frequency modulated signals re 
corded on a pair of tracks are made different in carrier 
frequency from each other to prevent the disturbance 
due to crosstalk between adjacent tracks, adjustment for 
making the monitor signal in the recording period equal 
in level to the output signal in the reproducing period 
can be omitted by using the same VCO in the modulator 
and demodulator. Thus, an increase in the number of a 
adjusting elements can be avoided. 
We claim: 
1. A modulator-demodulator for obtaining and de 

modulating a frequency-modulated signal and for per 
forming a modulating operation and a demodulating 
operation time-sequentially, said modulating and de 
modulating operations using a circuit part in said 
modulator-demodulator in common, said modulator 
demodulator comprising: 

a voltage-controlled oscillator, the oscillation fre 
quency of said oscillator varying in accordance 
with a signal applied to a control terminal of said 
oscillator; 

a phase detector, one input terminal of said phase 
detector being applied with a frequency-modulated 
signal, the other input terminal of said phase detec 
tor being applied with the output signal of said 
voltge-controlled oscillator; 

a switching circuit, one input terminal of said switch 
ing circuit being applied with a modulating signal, 
the other input terminal of said switching circuit 
being applied with the output signal of said phase 
detector, said switching circuit being operated in 
such a manner that said modulating signal applied 
to said one input terminal is selectively applied to 
said control terminal of said voltage-controlled 
oscillator in said modulating operation and said 
output signal of said phase detector applied to said 
other input terminal is selectively applied to said 
control terminal of said voltage-controlled oscilla 
tor in said demodulating operation; 

means for taking out a frequency-modulated signal 
from an output terminal of said voltage-controlled 
oscillator; and 

means for taking out a demodulated signal from the 
control terminal of said voltage-controlled oscilla 
tor. 

2. A modulator-demodulator for obtaining and de 
modulating a frequency-modulated signal according to 
claim 1, wherein said voltage-controlled oscillator is 
provided with automatic frequency control means for 
suppressing variations in the oscillation frequency of 
said voltage-controlled oscillator by utilizing a fre 
quency lower than the frequency of said modulating 
signal. 

3. A modulator-demodulator for obtaining and de 
modulating a frequency-modulated signal to be used in 
a recording/reproducing device for recording a signal 
in a recording medium in the form of a frequency 
modulated signal and for obtaining a reproduced signal 
by demodulating a signal read out of said recording 
medium, said modulator-demodulator comprising: 
means for inputting a signal to be recorded; 
a voltage-controlled oscillator, the oscillation fre 
quency of said oscillator varying in accordance 
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with a signal applied to a control terminal of said 
oscillator; 

a phase detector, one input terminal of said phase 
detector being applied with a frequency-modulated 
signal, said frequency-modulated signal being read 5 
out of said recording medium, the other input ter 
minal of said phase detector being applied with the 
output signal of said voltage-controlled oscillator, 
said phase detector outputting an error signal cor 
responding to a difference in phase between said 
frequency-modulated signal and said output signal 
of said voltage-controlled oscillator applied respec 
tively to said one and other input terminals of said 
phase detector; 

a loop filter for removing a ripple component from 15 
the output signal of said phase detector; 

a switching circuit operated in such a manner that 
said to-be-recorded signal inputted through said 
input means is applied to said control terminal of 
said voltage-controlled oscillator in a recording 20 
operation, and said error signal outputted from said 
phase detector and having passed through said 
loop filter is applied to said control terminal of said 
voltage-controlled oscillator in a reproducing op 
eration; 

means for outputting, as a signal recorded in said 
recording medium, a frequency-modulated signal 
from an output terminal of said voltage-controlled 
oscillator, in said recording operation; and 

output means for outputting, as a reproduced signal, a 
signal which is obtained by demodulating said fre 
quency-modulated signal applied to said phase 
detector, from the control terminal of said voltage 
controlled oscillator in said reproducing operation, 
and for outputting, as a monitor signal in said re 
cording operation, said to-be-recorded signal 
which is supplied from said input means to said 
control terminal of said voltage-controlled oscilla 
tor, in said recording operation. 

4. A modulator-demodulator for obtaining and de 
modulating a frequency-modulated signal according to 
claim 3, wherein said voltage-controlled oscillator is 
provided with automatic frequency control means for 
suppressing variations in the oscillation frequency of 
said voltage-controlled oscillator by utilizing a fre- 45 
quency lower than the frequency of said to-be-recorded 
signal. 

5. A modulator-demodulator for obtaining and de 
modulating a frequency-modulated signal to be used in 
a recording/reproducing device for recording a signal 
in a recording medium in the form of a frequency 
modulated signal and for obtaining a reproduced signal 
by demodulating a signal read out from said recording 
medium, said modulator-demodulator comprising: 
means for inputting a signal to be recorded; 
a voltage-controlled oscillator, the oscillation fre 
quency of said oscillator varying in accordance 
with a signal applied to a control terminal of said 
oscillator; 

automatic frequency control means including a refer 
ence signal source for delivering a reference signal, 
a frequency divider for dividing the frequency of 
the output signal of said voltage-controlled oscilla 
tor, and a first phase detector for comparing the 
phase of the output signal of the frequency divider 
with the phase of said reference signal to output an 
error signal corresponding to a difference in phase 
between said output signal of said frequency di 
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vider and said reference signal, said reference sig 
nal having a frequency lower than the frequency of 
said to-be-recorded signal applied through said 
input means, said error signal being applied to said 
control terminal of said voltage-controlled oscilla 
tor; 

a second phase detector, one inut terminal of said 
second phase detector being applied with a fre 
quency-modulated signal, said frequency 
modulated signal being read out of said recording 
medium, the other input terminal of said second 
phase detector being applied with the output signal 
of said voltage-controlled oscillator, said second 
phase detector outputting an error signal corre 
sponding to a difference in phase between said 
frequency-modulatpd signal and said output signal 
of said voltage-controlled oscillator applied respec 
tively to said one and other input terminals of said 
second phase detector; 

a loop filter for removing a ripple component from 
the output signal of said second phase detector; 

a switching circuit operated in such a manner that 
said to-be-recorded signal inputted through said 
input means is applied to said control terminal of 
said voltage-controlled oscillator in a recording 
operation, and said error signal outputted from said 
second phase detector and having passed through 
said loop filter is applied to said control terminal of 
said voltage-controlled oscillator in a reproducing 
operation; 

means for outputting, as a signal recorded in said 
recording medium, a frequency-modulated signal 
from an output terminal of said voltage-controlled 
oscillator, in said recording operation; and 

output means for outputting, as a reproduced signal, a 
signal which is obtained by demodulating said fre 
quency-modulated signal applied to said second 
phase detector, from the control terminal of said 
voltage-controlled oscillator in said reproducing 
operation, and for outputting, as a monitor signal in 
said recording operation, said to-be-recorded sig 
nal which is supplied from said input means to said 
control terminal of said voltage-controlled oscilla 
tor, in said recording operation. 

6. A modulator-demodulator for obtaining and de 
modulating a frequency-modulated signal according to 
claim 5, wherein means for operating said second phase 
detector only for a reproducing period is added to said 
second phase detector. 

7. A modulator-demodulator for obtaining and de 
modulating an audio frequency-modulated signal to be 
used in a magnetic recording/reproducing device in 
which a signal obtained by frequency-modulating a 
carrier with a video signal and a signal obtained by 
frequency-modulating another carrier different in fre 
quency band from said carrier with an audio signal are 
mixed with each other to be recorded in a magnetic 
recording medium, said modulator-demodulator com 
prising: 
a voltage-controlled oscillator, the oscillation fre 
quency of said oscillator varying in accordance 
with a signal applied to a control signal input termi 
nal of said oscillator; 

a phase detector, one input terminal of said phase 
detector being applied with an audio frequency 
modulated signal, said audio frequency-modulated 
signal being read out of said magnetic recording 
medium, the other input terminal of said phase 
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detector being applied with the output signal of 
said voltage-controlled oscillator, said phase detec 
tor outputting an error signal corresponding to a 
difference in phase between said audio frequency 
modulated signal and the output signal of said volt 
age-controlled oscillator applied respectively to 

5 

said one and other input terminals of said phase 
detector; 

a switching circuit for performing such a switching 
operation that said voltage-controlled oscillator is 
operated as a modulator for carrying out frequency 
modulation, in a recording operation, by supplying 
a to-be-recorded audio signal to said control signal 
input terminal of said voltage-controlled oscillator, 
and said voltage-controlled oscillator and said 
phase detector are operated as a demodulator hav 
ing a phase locked loop configuration for demodu 
lating a frequency-modulated signal, in a reproduc 
ing operation, by supplying said error signal out 
putted from said phase detector to said control 
signal input terminal of said voltage-controlled 
oscillator; 
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means for outputting, as an audio frequency 
modulated signal recorded in said magnetic record 
ing medium, the output signal of said voltage-con 
trolled oscillator in said recording operation; and 

means for outputting a demodulated audio signal 
from between an output terminal of said switching 
circuit and said control signal input terminal of said 
voltage-controlled oscillator in said reproducing 
operation. 

8. A modulator-demodulator according to claim 7, 
wherein said voltage-controlled oscillator is provided 
with an automatic frequency control loop which in 
cludes another phase detector for detecting a difference 
in phase between a signal obtained by frequency-divid 
ing the output signal of said voltage-controlled oscilla 
tor and a reference signal having a frequency lower 
than the frequency of said to-be-recorded audio signal 
to output an error signal, and means for supplying the 
output signal of said another phase detector to said 
control signal input terminal of said voltage-controlled 
oscillator. 

k k : ck : 


